In this study dietary boron at different doses (0, 25, 50, 100 and 200 mg/kg feed) was supplemented to layers from 4 to 64 weeks of age. There was no significant difference between treatments with respect of mortality, egg production, egg weight, egg mass and cracked eggs. Significant increases were observed in body weight as age rose. Body weight was not affected by dietary boron supplementation at 16 and 40 weeks of age. At 64 weeks of age boron additions of 50, 100 and 200 mg/kg to the diet resulted in significant lower body weights than that of the control group. Egg quality parameters; albumen height and Haugh units, were improved when 25 or 50 mg boron/kg diet was supplemented above the other treatments. Shape index, shell thickness, shell breaking strength were not affected by treatments, though 25 mg boron/kg diet tended to increase shell breaking strength. Tibia bone strength and phosphorus content in the tibia and femur were not affected by boron supplementation. Boron supplementation at 25 and 50 mg/kg significantly increased femur bone strength, and ash and calcium content of the tibia and femur bones. Concentration of boron in bone increased with the increase in dietary boron.
Introduction
Micro elements and their deficiencies are of great importance in farm animal nutrition. Cereals used in poultry diets may be deficient in Cu, Mn, Zn and Se. Since the 1920's it is known that boron is an essential element for higher plants. It has also been shown that boron plays a role in the metabolism of mineral, bone, enzymes and steroid hormones (Okuyan, 1997; WHO, 1998) and would thus have an influence on animal and human nutrition.
In bone metabolism, boron interacts with Ca, vitamin D and Mg (Chapin et al., 1998) . In animals and plants, boron affects at least 26 enzymes involved in substrate metabolism, insulin release, oxidation and immune systems (Hunt, 1998) . Furthermore, boron was shown to increase the level of some steroid hormones and prevents atherosclerosis, joint deformations and osteoporosis (Naghii & Saman, 1997a) , and boron has antioxidant properties (Lee et al., 1978) . An increase in dietary boron content was found to increase the concentrations of blood oestrogen, testosterone hormones, serum ionized Ca and lipid levels, as well as Ca excretion, but decreases the incidence of vitamin D and Mg deficiencies (Nielsen et al., 1987; Naghii & Saman, 1997b) . When chemicals containing boron were fed to rats for 14 days, blood low-density lipoprotein (LDL), cholesterol and triglyceride levels decreased significantly, while high-density lipoprotein (HDL) synthesis increased in hepatocytes by lowering LDL synthesis (Hall et al., 1989) .
In nature boron is generally present in the form of borate. Plant tissues usually contain 30 -50 mg boron/kg DM (Argust, 1998) , while animal tissues contain 5 -6 mg boron/kg DM (Okuyan, 1997) . The highest concentrations of boron, ranging from 4.3 -17.9 mg/kg DM, were found in human hair, bone and nails. Although a high boron dose may have lethal effects on an animal, the deficiency of this element caused insufficient growth and abnormal bone development (Naghii, 1999) . Fruits, vegetables and legumes are good sources of boron (Sutherland et al., 1998) , while whole grains contain very little boron, though grains are widely used in poultry diets (WHO, 1998) .
Although boron is not considered to be an essential micronutrient for poultry and other farm animals, 2 mg/kg of this element is recommended for poultry diets (NRC, 1994) . Nielsen (1988) found that the supplementation of 0.3 -0.4 mg boron/kg is beneficial in the mineral metabolism of chicks, and for pullets at a level of about 1 mg boron/kg diet. In other studies boron increased bone strength, prevented joint
Material and Methods
Female chickens (Barred Rock egg type strain) were kept in brooders and fed a starter diet. At four weeks of age five levels of boron were included in their diets to constitute five experimental treatments (0, 25, 50, 100 and 200 mg boron/kg diet). The pullets were moved to grower cages and each treatment consisted of six replicates of 33 birds per replicate. A total 990 birds was used. Grower cages were four floored and 70 x 110 cm in size. At 16 weeks of age the hens were transferred to individual layer cages. The layer cages were three floored and 25 x 47 cm in size, and each equipped with an automatic feeder and a manure disposer. After 16 weeks, each replication consisted of 24 pullets, totalling 720 pullets.
The first phase of the experiment was divided into three periods (1) growing (4 -10 weeks), (2) developing (11 -16 weeks) and (3) pre-laying (17 -20 weeks) periods. The second phase consisted of two stages: Stage 1 (21 -40 week of age) and Stage 2 (41 -64 week of age). Throughout the study the birds were fed diets balanced to be isonitrogenous and isoenergetic, based on NRC (1994) standards (Table 1) . The nutrient content of experimental diets was analyzed by AOAC (1984) procedures and ME was calculated (Close & Menke, 1986) . Boric acid (containing 18% boron) was used in the study. Feed and water were offered ad libitum, while illumination was controlled according to the guidelines for layer hens.
At the beginning of the experimental period (at 4 weeks of age) all pullets per replication were weighed collectively. At weeks 16, 40 and 64 the hens were weighed individually. Mortalities, egg production, egg weight and cracked and broken eggs were recorded daily. Feed intake was determined every fortnight. Egg mass and feed conversion ratios were calculated, using the parameters, egg weight and feed intake: Daily egg mass (g/hen) = Egg production (hen-day, %) x egg weight (g)/100; Feed conversion ratio (g feed/g egg) = Daily feed intake (g/hen)/Daily egg mass (g/hen).
For determining egg quality parameters, 36 eggs per treatment were collected once every four weeks. Egg parameters were shape index, shell thickness, shell strength, egg albumen height and Haugh unit, which were determined 24 h after collection of the eggs. Egg shape index was determined by equipment that measures the width: length ratio as a percentage. Shell thickness was determined without membrane, using a Mitutoyo digital micrometer (digital 395 series with sensitivity 0.001 mm sensitivity) by taking measurement from two ends of an egg and in the middle of egg. An arithmetic average was calculated. Breaking strength was measured, using a Futura resistant tool in Newton scale units. Albumen height was measured by Futura equipment electronically. A Haugh unit was calculated according to the formula given below (Haugh, 1937) :
Haugh unit = 100 log (albumen height + 7.57 -1.7 egg weight 0.37 ) ( Albumen height in mm; egg weight in g). At the end of the study, six hens per treatment were slaughtered humanely and their tibias and femurs were dissected. The meat on the bones was removed physically and fat, using an ether solvent. The bones were then dried at 60 °C for 24 h. The bones were subjected to a breaking strength test, using the Instron Universal Machine (Shimadzu-Ag-50KNG Autograph) according to the "three point binding" method in Newton scale units. The bones were ashed overnight in a furnace at 550 °C to determine ash, Ca and P (AOAC, 1990) concentrations. Feed and bone samples were digested in closed teflon vessels using microwave heating, where-upon the boron content was determined through inductively coupled plasma atomic emission spectrometry (ICP-AES) (Kalra, 1998) .
Parametric percentage data such as survival rate and egg production were ArcSin transformed, followed by One-Way ANOVA analysis of GLM (SPSS, version 10.01). Analysis of variance was performed for body weight of hens based on the repeated factorial arrangement of treatments (Gill, 1986) . Regression analyses were performed in MİNİTAB (version 14). Means were separated by Duncan's test and the level of significance for all comparisons was set at P <0.05. 
Results and Discussion
In the present study survival rate was not affected by boron supplementation (Table 2) . Although there is no evidence in the literature regarding detrimental effects of 400 mg boron/kg diet on fowls or pigs, high doses of boron supplementation resulted in its accumulation in internal organs, tissues and bones. (Rossi et al., 1993a; Wilson & Ruszler, 1998; Kurtoğlu et al., 2001 The performance of pullets and layers is given in Tables 2, 3 and 4. At the beginning of the experiment (four weeks of age) body weights of the pullets did not differ between treatments (P >0.05). Significant increases were observed in body weight with an increase in age (P <0.05). Simple and multiple regression equations and R 2 of body weight of hens by weeks in 16 -64 week of age were: During the egg laying period, boron supplementation did not affect feed intake, egg production, egg weight, egg mass, feed efficiency and incidence of broken and cracked eggs (P >0.05). It was previously reported that 250 mg/kg of dietary boron did not have any detrimental effect on body weight and feed intake of laying hens while 400 mg boron/kg decreased body weight gain and feed intake (Rossi et al., 1993a; Wilson & Ruszler, 1996; Kurtoğlu et al., 2002; Eren et al., 2004) . *The difference between the treatments indicated through capitals in the same column and the difference between the weeks indicated by lower case letters in the same row are significant (P <0.05).
Boron did not affect egg production (Table 4 ). This agrees with reported results by Rossi et al. (1993a) , Wilson & Ruszler (1996; , Kurtoğlu et al. (2002) and Eren et al. (2004) , that boron supplementation between 5 mg/kg and 250 mg/kg did not affect egg production significantly. Although boron supplementation did not affect egg weight and consequently egg mass in the present study, additions of 100 and 200 mg boron/kg tended to decrease egg weight (P = 0.092) and mass (P = 0.30). Dietary supplementation of 200, 250 and 400 mg/kg did not affect egg weight in some studies (Rossi et al., 1993a) The (Wilson & Ruszler, 1998; Eren et al., 2004) . The present levels of boron supplementation (0, 50, 100 and 250 mg/kg) did not affect feed efficiency, in agreement with results reported by Kurtoğlu et al. (2002) . Eren et al. (2004) recorded that at 200 and 400 mg boron/kg the incidence of broken and cracked egg ratios increased. Egg quality characteristics are given in Table 5 . In the present study, boron supplementations did not affect (P >0.05) the outer egg quality parameters such as shape index, shell thickness and shell strength. Shell thickness was not affected by dietary boron supplementation, which agrees with the report by Rossi et al. (1993a) . However, the inner egg quality parameters such as albumen height and Haugh units were increased (P <0.05) by 25 and 50 mg boron/kg supplementation. The Haugh unit is a known indicator of egg freshness and is related to shelf life. The improvement in these two parameters may indicate that boron supplementation can improve egg quality by increasing its shelf life.
Bone strength and the chemical composition of the femur and tibia are presented in Table 6 . Dietary boron supplementation at 25 and 50 mg/kg increased (P <0.05) femur strength compared to the other treatments. The strength of the tibia was not affected by boron supplementation (P >0.05). Dietary supplementation of 50 mg boron/kg increased the ash content of the bones, while 25 mg boron/kg increased the Ca concentration and 200 mg boron/kg the boron concentrations of the tibia and femur (P <0.05) without affecting the P content of these bones (P >0.05).
In this study dietary boron supplementations at 25 and 50 mg/kg increased the strength of the femur significantly, while the tibia tended to be stronger, though this was not statistically significant. These results are in line with the study of Wilson & Ruszler (1997) who reported that 50 and 100 mg boron/kg in pullet diets increased bone breaking strength. Wilson & Ruszler (1998) found that 200 mg boron/kg diet increased the breaking strength of the tibia and radius bones of layer hens. However, their previous studies (Wilson & Ruszler, 1995; 1996) showed no effect of boron supplementation on bone breaking strength.
Dietary boron supplementation (25 mg/kg) increased the tibia Ca concentration while 25, 50 and 100 mg boron/kg supplementation resulted in an increased (P <0.05) femur Ca content, though 200 mg boron/kg did not affect the Ca concentration of the bones. A similar pattern was observed for bone ash content (P <0.05). On the other hand, dietary boron supplementation did not affect P concentrations in the tibia and femur. The increased bone ash content of the hens corresponds with that of some studies (Qin & Klandorf, 1991; Wilson & Ruszler, 1997; Rossi et al., 1993b; Kurtoğlu et al., 2005) , but not in others (Wilson & Ruszler 1998; Fassani et al., 2004) . Wilson & Ruszlar (1998) observed that the addition of 50, 100, 200 and 400 mg boron/kg to layer diets decreased bone Ca and P concentrations while Fassani et al. (2005) observed no response in bone Ca concentration when 30, 60, 90, 120 and 150 mg boron/kg were added to a broiler diet. Similarly, the addition of 5 and 15 mg boron/kg to a piglet diet did not affect bone Ca concentration but increased P concentration linearly. Armstrong & Spears (2001) reported that dietary boron supplementation did not affect Ca and P absorption and accumulation in the bones of pigs. In a study by Kurtoğlu et al. (2005) broiler chicks were fed diets containing 5 and 25 mg boron/kg. They observed that the bone Ca concentration increased and Zn concentration decreased with an increase in boron supplementation, while bone Fe and Cu concentrations did not change. These differences in the literature might be attributed to animal species, productive type, age, experimental period, dietary content and other minerals in the diet. In the present study boron supplementation seemed to have enhanced bone Ca and P metabolism by cancelling out the negative consequences of egg shell formation on bone formation, and consequently increased bone strength.
Increased concentrations of boron in bone recorded in the present study are in agreement with previous observation on the accumulation of boron in soft and bone tissues (Rossi et al., 1993b; Wilson & Ruszler, 1995; 1996; Lu Lin & Yuan Ying 2003; Kurtoğlu et al., 2005) . Supplementation of boron up to 200 mg/kg increased boron accumulation six fold in the tibia and ten fold in the femur. Wilson & Ruszlar (1998) the boron accumulation in bones eight fold, while Kurtoğlu et al. (2005) reported an 1.5 to two fold increase when boron content of the diet was increased from 5 and 25 mg/kg. Lu Lin & Yuan Ying (2003) added 0, 20, 40, 60, 80 , 100 and 120 mg boron/kg to a broiler diet and found an increase in boron concentration in the blood, liver, breast meat and tibia with an increase in boron intake. In the present study, boron accumulations in bones did not cause any health problems or a reduction in productive performance of the layers. These results are in line with previous studies (Rossi et al., 1993b , Wilson & Ruszler 1995 1996; Lin & Ying 2003; Kurtoğlu et al., 2005) .
Conclusion
In this study, the supplementation of 25 -200 mg boron/kg to hens during a period of 4 -64 weeks of age did not affect the health status and productive performance of the layers. However, inner egg quality parameters, albumen height and Haugh units were improved by the supplementation of 25 and 50 mg boron/kg. In practice, chickens in layer cages develop decreased Ca utilization when getting older and often develop leg problems (osteoporosis, etc.) due to their high level of egg production, leading to economic losses. In the current study, 25 and 50 mg boron/kg resulted in the accumulation of Ca in bones, supported Ca-P metabolism and improved egg shell quality.
In conclusion, boron supplementation at 25 and 50 mg/kg improved egg quality. Further studies on the inclusion of boron in layer diets are suggested which could include different levels of Ca and P and anatomical and histological investigations. It is suggested that up to 50 mg boron/kg could be included in the diets of egg producing hens.
